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Introduction
Lead poisoning is the most important

pediatric environmental health problem in
the United States.I Disturbances in neu-
rological and systemic functions have
been identified at levels that were once
thought not to be cause for concem (i.e.,
10 to 25 pug/dL).2 There is strong evidence
that low-level exposure impairs cognitive
development,3 and long-term effects of
childhood exposure have been reported.4

Lead-associated behavioral difficul-
ties in young children are insidious and
difficult to specify. Nonspecific symptoms
(e.g., overactivity, irritability, lethargy)
may not be recognized until the child en-
ters school. In this study we examine the
influence of lead exposure on matemal-
reported behavior in children aged 2
through 5 years.

Because matemal morale may color
salient aspects of the early caregiving
environment, affecting lead exposure (re-
lated to compromised caretaking),5- be-
havioral development,9 and matemal per-
ceptions of child behavior,10 maternal
depressive symptomatology is considered
in this study as a potentially important
confounding factor. Low-income women
who live alone with their children are at
greater risk for depression.11'12

Methods
A convenience sample of 150 moth-

er-child dyads from the Baltimore Soil
Lead Abatement Demonstration Project's
clinic were enrolled in this study during
the period from February through April
1989; 54 dyads from the Kennedy Krieger
Institute's Lead Poisoning Referral Cen-
ter were recruited at their clinic visits in
April, May, and June 1989. Recruitment
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from both a population-based study and a
clinical facility for referred children en-
sured a broad range of lead exposure. All
subjects met the following enrollment cri-
teria: (1) the child was between 2 and 5
years old; (2) the mother or female guard-
ian accompanied the child to the clinic;
and (3) both were African-American.
There were three refusals to participate
(Kennedy Institute), resulting in a sample
of 201 dyads.

Lead concentrations were deter-
mined from venous samples collected dur-
ing the clinics. Children with a blood lead
level greater than or equal to 15 ,ug/dL on
two consecutive occasions-at the clinic
appointment immediately prior to enroll-
ment in this study and at the first appoint-
ment during the study period-were con-
sidered the high exposed group.
Consistent with preestablished criteria,13
children with a free erythrocyte protopor-
phyrin level greater than or equal to 35
,ug/dL and a blood lead level less than 25
,ug/dL were considered iron-deficient (in
the absence of lead poisoning).

Child behavior was measured by in-
terviewing the mother during the child's
clinic visit. The Child Behavior Checklist
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(CBCL),14-16 a standardized scale de-
signed to quantify troublesome parent-
reported behaviors, was used. The CBCL
is widely accepted as a reliable and valid
approach to behavioral assessment.17

Matemal depressive symptomatol-
ogy was measured by interview; the Cen-
ter for Epidemiologic Studies Depression
Scale (CES-D),18 a 20-item index of the
number and frequency of depressive
symptoms,19 was used.ACES-D score of
16 or more is clinically significant (signif-
icance has been validated by correlation
with clinical ratings of depression and by
associations with negative life events) and
may also indicate nonspecific psycholog-
ical distress.2'41

Resut
There were 123 children in the low

exposed (LE) group and 78 in the high
exposed (HE) group. Mean blood lead
levels prior to this study were 11.3 tg/dL
(SD = 4.3) for the LE group and 28.6
pg/dL(SD = 9.3) for theHE group; mean
levels during the study were 9.2 ptg/dL
(SD = 2.9) and 27.8 p,g/dL (SD = 10.4),
respectively.

Mean CBCL Total Behavior Prob-
lem Scores (TBPSs), Intemalizing and
Extemalizing T-scores, based upon the
percentile ranking of raw scores, are pre-

sented in Table 1. The HE group consis-
tently had more matemal-reported trou-
blesome behaviors. Prevalence ofTBPSs,
Intemralizing, and Extermalizing T-scores
in the clinical range (90th percentile) are

presented in Table 2. The proportion of
HE children with clinical T-scoreswas ap
proximately double that of the LE group.

The prevalence of subscale T-scores
in the clinical range (98th percentile) was
examined, providing a more specific per-
spective of matemal-reported behavior
problems. Overall, 17.9% of LE children
and 30.8% ofHE children hadone ormore
subscales in the clinical range (odds ra-

tio = 2.0; 95% CI = 1.0, 4.0).
The prevalence of clinical T-scores

for each subscale of the 2- to 3-year-old
(both sexes) profile (n = 118), the 4- to
5-year-olds boys' profile (n = 46), and the
4- to 5-year-old girls' profile (n = 37) is
presented in Figures 1 and 2. This preva-
lence was generally higher in the HE
group across all three profiles. For 2- to
3-year-olds and for 4- to 5-year-old boys,
this tendency was particularly evident to-
ward the Externalizing end of the contin-
uum of the profiles (e.g., for the Aggres-
sive subscale).
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FIGURE 1-Peval e of Child Behavior ChecldlstsubscaleT-scores In clinical range
(98th percentile), 2- to 3-ear-old boys and girls (n = 118).

Other factors that may have ac-

counted for maternal-reported behavior
differences between the two groups were
examined. Mean age was 46.4 months
(SD = 13.7) for LE children and 44.7
months (SD = 12.9) for HE children
(P = .38). Matemal education averaged
12.2 years (SD = 1.8) for the LE group
and 11.0 years (SD = 1.6) for the HE
group (P < .001). Mean maternal CES-D

scores were 11.3 (SD = 9.9) for the LE
group and 13.2 (SD = 9.9) for the HE
group (P = .18); prevalence of clinical
CES-D scores was 25.2% and 34.6%, re-

spectively (P = .15). HE children were

more likely to come from households in
which the mother was not a high school
graduate (P < .001), was unemployed
(P < .01), was single (P < .05), or was

head ofthe household (P < .01), and from
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households in which there was an in-

creased likelihood of four or more pre-
school-aged children in the household

(P < .05).
When all othervariables in the model

were simultaneously controlled for

through multiple linear regression, a sig-

nificant increase (P = .01) in the TBPS

with increasing blood lead levels was

found (Table 3). The magnitude of this ef-

fedt was quite small (the TBPS increased

by .18 points for each unit increase in

lead). However, when a dichotomous

measure of blood lead (LE vs HE group)

was substituted in the model and all other

variables in the model were controlled for,

a 5.1-point higher TBPS was found in HE

children (P = .001). Maternal CES-D

score was the most significant influence on

the child's TBPS (P = .0001); child's age

and maternal education also had signifi-

cant independent influence. Similar re-

sults were found for the CBCL Internal-

izing and Externalizing scores.

Multiple logistic regression indicated

that HE children were 2.7 timnes more

likely to have aThPS in the clinical range

(Table 4). Maternal depressive symptom-

atology was most influential (odds ra-

tio = 4.7).

Disussion

Young chikdren with blood lead levels

greater than or equal to 15 4±gdL on two

consecutive occasions presented more ma-

ternal-reported maladaptive behaviors than

did children with lower blood lead levels.
Initialcomparisonsbetween the LEandHE

groups indicated sgicatyhigher mean

TBPSs, Internalizing scores, and External-

izing scores in HE children. These children

also had a prevalence of such scores in the

clinical range (90th percentile) that was

nearlytwo timies higherthan that ofchildren

in the LE group.

The HE group generally had a higher

prevalence of CBCL subscale scores in

the clinical range (98th percentile), espe-

cially at the Externalzin end of the con-

tinuum of the profiles for 2- to 3-year-old

children ofboth sexes and for 4- to 5-year-

old boys. Four- to five-year-old girls in the

HE group had a higher prevalence of clin-

ical subscales over the entire Interaing

Externalizing continuum. The subscales

represent factor analytically derived be-

havioral descriptions, not diagnostic infer-

ences. The prevalence of clinical range

subscales forLE childrenwas quite simiflar
to those found in previous reports for

young children without known biological

riSk faCtorS.15(pp 64,65),22
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The effect of lead on extemalizing be-
haviors (e.g., increased motor activity) has
been demonstrated in animal models.2-25
The association between exposure and
"hyperactive" child behavior has been re-
ported in several case-control studies228
and inNeedleman et al.'s population-based
study, in which a consistent dose-response
relationship between lead and teacher-re-
ported nonadaptive behaviors was found.29
Others reported children with increased
lead levels as demonstratingmorebehavior
problems, particularly with respect to con-
duct, inattentiveness, passivity, and hyper-
activity.30 A related finding is that hyper-
active children have been found to have
higher urinary lead levels after penicil-
lamine challenge.31

When the influence of selected fac-
tors was controlled for in this study
through multiple regression analyses, the
magnitude of the lead-behavior effect was
such that higher lead exposure was asso-
ciated with a 5.1-point increase in the
TBPS. Although this association may not
appear to be clinically relevant for an in-
dividual child, an overall 5-point upward
shift in the normal distnbution of TBPSs
would have resulted in almost 82% more
children scoring in the clinical range. Also,
the HE group was 2.7 times more likely to
have a TBPS in the clinical range. This
finding takes on particular significance in
view of the pandemic nature of lead ex-
posure at levels greater than or equal to 15
.g/dL in young children.2

The most influential factor on the
TBPS in both the multiple linear and lo-
gistic regression procedures was the ma-
ternal CES-D score. This influence can be
explained in at least five ways: (1) mother
and child share a similar genotype, (2)

mother and child may be reacting to a
common factor (e.g., poverty), (3) in-
creased matemal depressive symptoms
detrimentally influence child behavior, (4)
child behavior problems detrimentally in-
fluence matemal morale, and (5) mothers
with lower morale rate their children's be-
havior more negatively. It is reasonable to
maintain that some indistinct dynamic
combination of all five is operational here.
Although the cross-sectional design pre-
cludes a more specific delineation, includ-
ing the matemal depressive symptomatol-
ogy variable in the regression models
provided some degree ofempirical control
for these possible influences.

With respect to the later possible in-
fluence, Conrad and Hammen investi-
gated the relationship of matemal depres-
sion to perceptions of intemalizing and
extemalizing disorders in children. They
reported that maternal depressive symp-
tomatology and psychiatric clinical status
were not associated with misperceptions
of child behavior problems.32 Using
teacher ratings as an independent criterion
for rating the accuracy ofmatemal ratings,
Richters and Pellegrini found no evidence
that depressed mood, depressed clinical
state, or history of clinical depression at-
tenuated mother-teacher agreement about
child behavior problems.33

In addition to the epidemiological sig-
nificance of an increased prevalence of
matemal-reported troublesome behaviors
at lead levels typical of present-day expo-
sure, a major clinical implication of this
study is that young children with reported
behavioral difficulties should undergo ap-
propriate lead screening. Also, the care
context inwhich lead evaluation and treat-
ment occur provides an opportunity to ad-

dress parental concems about child be-
havior. Appropriate interventions,
including changing parental misconcep-
tions about normal child behavior, can be
initiated. The parent-child dyad is often a
captive audience during the lead evalua-
tion and treatment process, and the parent
may be more receptive to interventions at
this time.

The results of this study, with its par-
ticular attention to matemal-reported mal-
adaptive behaviors in young children,
lends support to a belief that undue lead
exposure in early childhood may have a
pervasive influence on the prevalence of
juvenile delinquency in this countiy. 0
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